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Kautz model
The two-parameter Kautz functions can be defined by their Laplace transforms [5, 6, 15] Our main objective in this section is to determine a set of relations allowing us to efficiently compute the Kautz spectrum of a function with the sole a priori knowledge of its Laplace transform. We use the pioneering results described in [15] and combine two known transformations in order to achieve it.
In 1996 Wahlberg and Makila [15] , have shown that the set of coefficients { } 0 
Using the fact that 
where
The combination of the two transformations 
It will be noted that relations (10) are independent of the choice of the solution
One can find them very interesting in deriving the properties of Kautz spectra, despite the irrational form of
Moreover, relations (10) may also be used to numerically evaluate the Kautz spectrum of a given function from its Laplace transform: setting , keeping in mind (8) , the Kautz coefficients m γ could then be computed using a FFT or DCT algorithm. Our first objective has thus been achieved.
Derivatives and integrals computation
denote an orderly set of real functions where 
Derivative and integral operators defined in (11) preserve natural frequencies or poles in the Laplace domain;
therefore Ω constitutes an efficient set of approximation functions for determining an r-order reduced model.
When dealing with irrational transfer functions, direct computation of their Gram matrix could be an insurmountable problem. In this section we propose a solution based on Kautz modeling.
Let us consider the derivative operator defined in (11) , in Laplace domain it yields ( ) ( ) ( )
With (9), using the fact that 
An approximated value of ( ) 0 + i g can then be evaluated using (15) or (14) i.e. 
Integral and derivative operators as defined in (11) are reciprocal; we can therefore obtain the recurrence relations binding the Kautz spectra of the successive integrals of ( ) and all elements of the Gram matrix can at this point be computed. Using the properties of the Gram matrix given in [11] , an efficient algorithm for its computation is summarized in the appendix. 
respectively. Consequently, in model order reduction applications, at least two reduced order models provably stable [9] can be readily obtained according to the procedure described in [14] for any given value of q .
Especially in the case of resonant systems, with their two parameters granting them an extra degree of freedom, Kautz functions should allow either a more accurate computation of the Gram matrix, for an equal number of coefficients N or a faster way of computation of the Gram matrix than their Laguerre counterparts, for a given precision.
A good choice of Kautz parameters may contribute to improve the efficiency or accuracy of the computation (the same remark could be made for the choice of the Laguerre parameter). Different works addressed the problem and proposed optimal or suboptimal solutions for making this choice [1, 8, 10] .
Examples
To illustrate the proposed method, the Gram matrices of two infinite-dimensional resonant systems will be computed and used in a typical model order reduction application.
Let us first consider a simple closed-loop system with a delay of sec 1 = T in the feedback (Fig.1. ). 
Gram matrix is computed following the algorithm given in the appendix. A set of reduced order 3 models, guaranteed to be stable, can readily be derived using the method described in [14] is clearly more precise benefiting from a very accurate computation of the Gram matrix with a relatively small number of Kautz coefficients. Due to the highly resonant nature of the system, achieving such accuracy via a Laguerre decomposition as described in [11] would require a much greater number of coefficients (several hundred for a well chosen Laguerre parameter). For the sake of comparison we specify that the use of 10 Laguerre coefficients would in this case lead to a relatively bad model with a respective quadratic error The second example we present is the band-pass circuit in Fig.4 . first proposed by Johnson [4] . The impulse response of the original system, the reduced order 4 model given above, and the best order 4 model computed by the use of Laguerre functions instead of Kautz [11] are shown in Fig.5 . The difference in accuracy is visible, especially in Fig.6 ., where the variation of the squared error is plotted. Indeed the model using a Gram matrix computed via Laguerre modeling yields a relative quadratic error of 
